The objective of the present study was to investigate the effects of melatonin supplementation on elements in the liver of diabetic rats subjected to acute swimming exercise. Eighty adult male rats were equally divided into eight groups. Group 1, general control. Group 2, melatonin-supplemented control. Group 3, melatonin-supplemented diabetic control. Group 4, swimming control. Group 5, melatonin-supplemented swimming. Group 6, melatonin-supplemented diabetic swimming. Group 7, diabetic swimming. Group 8, diabetic control. Liver tissue samples were analyzed for lead, cobalt, molybdenum, chrome, sulphur, magnesium, manganese, sodium, potassium, phosphorus, copper, iron, calcium, zinc, selenium. The highest cobalt, chrome values were found in the groups 7, 8 and the groups 5, 6 respectively. Groups 3 and 7 had the highest copper values. Iron and potassium values were higher in the groups 1 and 4. Group 6 had increased magnesium value, and groups 6, 7, 8 were found to have the highest manganese levels. The highest lead values were found in the groups 5 and 6. Group 6 had the highest selenium levels. The highest zinc levels were established in 1 and 2. Groups 1, 2, 5 and 6 were found to have the highest calcium values. The results of our study indicate that melatonin supplementation in diabetes and forced exercise signifi cantly alters the element metabolism in the liver (Tab. 3, Ref. 33). Text in PDF www.elis.sk.
Introduction
Diabetes mellitus is a chronic metabolic disease characterized by hyperglycaemia and inadequate secretion or action of endogenous insulin (1) . Type I diabetes develops as a result of severe damage to pancreatic cells and commonly results in insulin dependence (1, 2) . The metabolic irregularity in diabetes brings about various complications involving both macro-and micro-vascular disorders (2) . Oxidative stress is the primary mechanism among the mechanisms presumed to be involved in beta cell damage (3) .
It has been noted that the melatonin hormone, which is synthesized by the pineal gland in all mammals and secreted by some tissues including the retina and the gastrointestinal system, is protective against diabetes (4, 5, 6) .
Regular exercise and physical activity are known to have a positive effect on cardiovascular diseases and mortality (7) . Therefore, exercise is strongly recommended to diabetic patients (8) .
Diabetes has been reported to lead to signifi cant changes in the levels of elements in the blood and various tissues (9) . Similarly, it has been argued that physical activity causes crucial differences in element levels, which may have resulted from the changes in the distribution of various elements in the liver (10) . The protective role of melatonin against diabetes seems to be associated with its free radical scavenging effect (11) . We have not found any report concerning the effects of melatonin on the distribution of elements, the blood and tissue levels of which are known to change in diabetes and exercise. The objective of the present study is to investigate the effects of melatonin supplementation on element distribution in the liver of rats in which diabetes was induced with streptozotocin and which were subjected to acute swimming exercise.
Materials and methods

Animal groups
This study was conducted on 80 Spraque-Dawley type male rats obtained from Mediterranean University Experimental Medicine Application and Research Centre in the Experimental Animals Unit of Selcuk University School of Veterinary Medicine. The study protocol was approved by the local ethics committee. Experimental animals used in the study were divided into 8 groups:
Group 1 (n:10) General Control Group: the group, which was not subjected to any procedure and was fed on a normal diet.
Group 2 (n:10) Melatonin-Supplemented Control Group: the group, which was fed on a normal diet and supplemented with 3 mg/kg/day intraperitoneal melatonin for 4 weeks.
Group 3 (n:10) Melatonin-Supplemented Diabetic Control Group: the group, in which diabetes was induced by subcutaneous 40 mg/kg streptozotocin (STZ) and which was then supplemented with 3 mg/kg/day intraperitoneal melatonin for 4 weeks. Group 4 (n:10) Swimming Control Group: the group, which was fed on a normal diet and subjected to 30-minute acute swimming exercise.
Group 5 (n:10) Melatonin-Supplemented Swimming Group: the group, which was fed on a normal diet, supplemented with 3 mg/kg/day intraperitoneal melatonin for 4 weeks, and subjected to 30-minute acute swimming exercise.
Group 6 (n:10) Melatonin-Supplemented Diabetic Swimming Group: the group, in which diabetes was induced by subcutaneous 40 mg/kg streptozotocin (STZ), and which was then supplemented with 3 mg/kg/day intraperitoneal melatonin for 4 weeks and subjected to 30-minute acute swimming exercise.
Group 7 (n:10) Diabetic Swimming Group: the group, in which diabetes was induced by subcutaneous 40 mg/kg streptozotocin (STZ), and which was then subjected to 30-minute swimming exercise.
Group 8 (n:10) Diabetes Group: the group, in which diabetes was induced by subcutaneous 40 mg/kg streptozotocin (STZ).
Experimental animals
The experimental animals were fed in steel cages, which were washed clean daily. Their feed was provided in special steel bowls and their water (normal tap water) in glass feeding bottles. The animals were given about 10 g feed per 100 g of body weight daily. They were kept in an environment where it was 12 hours dark/12 hours light and the standard room temperature (21 ± 1 °C) was maintained. All injections were given between 09.00 a.m. and 10.00 a.m. hours. At the end of the four-week procedures, the animals were decapitated at 09.00-10.00 a.m. and liver tissue samples were collected to determine levels of lead, cobalt, molybdenum, chrome, sulphur, magnesium, manganese, sodium, potassium, phosphorus, copper, iron, calcium, zinc and selenium.
Experimental procedures
Inducement of diabetes in experimental animals
In order to induce diabetes, 40 rats were picked as the diabetes groups. The rats were injected with 40 mg/kg subcutaneous streptozotocin (STZ) "Sigma, S-0130". The injections were repeated at the same dose 24 hours later. Six days after the last injection, blood glucose levels of the animals were determined from the tail vein using a diagnostic glucose kit. The animals whose blood glucose was found at or above 300 mg/dl were accepted as diabetic (12) .
Melatonin supplementation
After dissolving 40 mg of melatonin (Sigma M-5250) in 3 ml pure ethanol, this suspension was sealed and stored in dark in the deep freeze until the time of use. From the stock solution 0.1 ml was added 0.9 ml NaCl (3 mg/kg/day) and injected to the rats through the intraperitoneal route at 09.00 a.m. Melatonin supplementation was carried out at the same hours for 4 weeks.
Swimming exercise
Swimming exercise was performed in a heat-resistant glass swimming pool, 50 cm in depth and width, with a thermostat that kept the temperature fi xed at 37 °C. The exercise was conducted 24 hours after the end of procedures for once and for a period of 30 minutes. The experimental animals were made to swim in pairs, and decapitated immediately after the exercise to collect liver tissue samples.
Determination of lead, cobalt, molybdenum, chrome, sulphur, magnesium, manganese, sodium, potassium, phosphorus, copper, iron, calcium, zinc and selenium in liver tissue
Liver tissue samples were put into capped, polyethylene tubes washed with NHO 3 and deionised water to avoid contamination and kept at -35 °C until the time of analysis. For the analysis, liver tissues were pounded in a mortar to powder and the wet weight of the tissue was recorded. Then, it was added concentrated H 2 SO 4 and concentrated HNO 3 (gram tissue/ml H 2 SO 4 /ml HNO 3 = 1/1/10). The mixture was kept in a closed-system microwave oven (CEM -Mrasx5) at 170 psa pressure and 200 °C temperature for 20 minutes. The fi nal volume was completed to 25 ml by deionised water, and the samples were read after a maximum 30-minute waiting period. Analyses were conducted in the atomic emission (ICP-AES) equipment in the S.U. Agriculture Faculty, Department of Soil. The results were calculated as mg/L.
Statistical evaluations
Statistical evaluation of the results was carried out using acomputer software. Arithmetic means and standard errors of all parameters were calculated. Variance analysis was employed in the determination of differences between groups. The Least Significant Difference (LSD) Test was used to compare group means, which were found statistically signifi cant in variance analysis results. Differences for which p < 0.05 were considered signifi cant.
Results
The highest liver lead levels in the present study were found in the groups 5 and 6 (p < 0.001). Lead levels in groups 7 and 8 were lower than those in the groups 5 and 6, but higher than the levels in all other groups (p < 0.001). Groups 7 and 8 had cobalt levels signifi cantly higher than all other groups (p < 0.001). Levels of molybdenum in liver tissue did not differ signifi cantly among groups. The highest chrome levels were established in the groups 5 and 6 (p < 0.001) and the lowest chrome levels in the groups 3 and 4 (p < 0.001). Groups 6, 7 and 8 had the highest (p < 0.001) and the group 2 had the lowest levels of sulphur (p < 0.001) (Tab. 1).
The lowest liver magnesium levels in our study were found in the groups 1 and 2 (p < 0.001), while the group 6 had the highest magnesium levels (p < 0.001). Manganese levels were the highest in the groups 6, 7 and 8 (p < 0.001) and the lowest in the group 4 (p < 0.001). Groups 5 and 6 had the highest sodium levels (p < 0.001), whereas the groups 4, 7 and 8 had sodium levels lower than all other groups (p < 0.001). The highest potassium levels were obtained in the groups 1 and 4 (p < 0.001) and the lowest potassium levels in the group 2 (p < 0.001). Phosphorus levels in the liver tissue did not differ among groups (Tab. 2).
In the present study, we obtained the highest copper levels in the groups 3 and 7 (p < 0.001) and the lowest copper levels in the groups 1 and 2 (p < 0.001). Groups 1 and 4 had the highest iron levels (p < 0.001) and the group 2 had the lowest (p < 0.001). Liver calcium was found higher than all other groups in the groups 1, 2, 5 and 6 (p < 0.001). The highest liver zinc was established in the groups 1 and 2 (p < 0.001), while the lowest zinc levels were in the groups 7 and 8 (p < 0.001). The group 6 had the highest selenium levels (p < 0.001), while selenium levels were the lowest in the groups 3 and 4 (p < 0.001) (Tab. 3).
Discussion
When compared to the controls, lead, cobalt, chrome and sulphur values in the liver tissue of diabetic rats were found elevated in the present study. However, only melatonin supplementation was observed to reduce particularly lead, chrome and sulphur values in the liver tissue of diabetic rats. Similar results were obtained in diabetic animals subjected to swimming exercise as well. It was noted that element distribution not only in the blood, but also in the tissues was impaired in diabetic rats subjected to maximal exercise (13) . Likewise, only intense exercise was reported to affect the element metabolism (14) and it was accepted that these post-exercise differences could have resulted particularly from the exchange of elements between the extracellular fl uid and tissues (10) . That melatonin supplementation reduced the elevated levels of lead and sulphur we obtained in diabetic rats in particular suggested that melatonin supplementation maight be important in inhibiting the possible toxic effects of these elements. Similarly, it was already reported that melatonin supplementation prevented toxic effects caused by both trace and major elements in various tissues of rats, including the liver tissue (15). Dogukan et al (16) reported reduced chrome levels in the liver tissue of diabetic rats in their study. In our study, chrome levels in the liver tissue of diabetic rats were not different from those in the controls. However, melatonin administration led to an increase in liver tissue chrome levels in both swimming (group 5) and diabetic swimming (group 6) groups. In consideration of the importance of chrome in carbohydrate and lipid metabolisms (17) and its effect in the regulation of blood glucose (18) , elevated chrome levels we found with melatonin supplementation in diabetic rats seemed to be a crucial fi nding. In our study, we established the highest liver cobalt levels in both diabetic exercise (group 7) and non-exercised diabetes (group 8) groups. High cobalt levels are known to stimulate the production of free radicals (19) . Our fi nding may be pointing out the possible role of cobalt in the pathogenesis of lipid peroxidation, which increases in diabetes. We could not fi nd any literature study with which we could directly compare the molybdenum pa- 
Tab. 3. Levels of copper, iron, calcium, zinc and selenium in liver tissue (mg/L).
rameter in liver tissue. But then, molybdenum levels of the study groups did not differ anyway. The highest liver magnesium was found in the group 6 (melatonin-supplemented diabetic swimming) and the highest manganese levels were established in the groups 6 (melatonin-supplemented diabetic swimming), 7 (diabetic swimming) and 8 (diabetes). Magnesium is associated with enzyme activities that involve insulin (20) . Therefore, magnesium is involved in mechanisms regulating the blood glucose (21) . It is known that magnesium levels drop in diabetic patients (22) . Elevated magnesium levels we found with melatonin supplementation in the group 6 (melatonin-supplemented diabetic swimming) in our study maight be evaluated as a striking result, in consideration of the effects of this element in the glucose metabolism (20, 21) . Physical activity was shown to result in an increase in manganese activity in rats (22) However, it is also known that excessive accumulation of manganese causes lipid peroxidation through a toxic effect (23) . Therefore, elevated manganese levels we established in the diabetes groups are important with respect to the relation between diabetes and lipid peroxidation. In our study, the highest sodium levels were found in the groups 5 (melatonin-supplemented swimming) and 6 (melatonin-supplemented diabetic swimming), while the lowest sodium levels were established in the groups 4 (swimming), 7 (diabetic swimming) and 8 (diabetes). Diabetic patients were reported to have reduced sodium levels, in comparison to their controls (24) . The reduced sodium levels we found in diabetic groups in our study are consistent with the results of Harmer and colleagues (2006) . What is more important and needs emphasis here is that the reduction in sodium levels in diabetic animals was inhibited by melatonin supplementation. Potassium levels did not differ among diabetic groups and melatonin supplementation did not affect the potassium parameter of diabetic animals. Phosphorus levels in the liver tissue of study groups were not different either.
Groups 1 (general control) and 4 (swimming control) had the highest liver iron. It was argued that exercise modifi ed distribution of iron in various tissues (25) and also that moderate exercise had a regulatory effect on body iron values (26) . The results we found in relation to the iron parameter in our study are congruous with the results of the above-cited researchers. Our study results pertinent to liver iron demonstrate that diabetes and melatonin supplementation did not have a noteworthy effect on liver iron in diabetic animals.
The lowest liver calcium was found in the groups 3 (melatoninsupplemented diabetes), 4 (swimming), 7 (diabetic swimming) and 8 (diabetes). It was stated that calcium release was impaired in diabetes (27) and that diabetic rats suffered from a decrease in calcium levels and a parallel increase in the urinary excretion of calcium (28) . Reduced liver calcium we found in diabetic animals in the present study was parallel to the results of the above researchers.
All the diabetic and exercised groups in our study had elevated copper values, relative to the control groups (groups 1 and 2). Diabetic animals were shown to have elevated blood and tissue copper levels (16) . Elevated copper levels in the liver tissue, relative to the controls, indicate that increased liver copper is involved in the events associated with lipid peroxidation, which increase in diabetes (3).
The lowest liver zinc was found in the groups 7 and 8 in our study. It was shown that zinc levels dropped signifi cantly in the blood and tissues of diabetic rats (16, 29) and that this decrease in zinc levels was also observed in humans (4) . Reduced zinc levels we established in diabetic animals (groups 7 and 8) in our study are consistent with literature data. However, what is more important is that melatonin supplementation offsets the decrease in liver zinc in diabetes. Liver zinc in melatonin-supplemented groups in our study was higher than those in non-supplemented diabetic groups (groups 7 and 8). There are numerous studies showing the relation between melatonin and zinc, an important trace element (30, 31) . Zinc is found in the structure of serotonin, which is required for the synthesis of melatonin (32) . Melatonin, in turn, increases the absorption of zinc in the digestive system (30, 31) . Results of the cited researchers are in harmony with elevated zinc levels we obtained with melatonin supplementation.
In the study we established that the group 6 (melatonin-supplemented swimming) had the highest liver selenium. It was reported that liver selenium decreased in diabetes (16) and that this decrease might lead to a reduction in antioxidant activity (33) . We could not fi nd any study, with which we could compare the melatoninselenium relation on a one-to-one basis. However, elevated liver selenium we found in melatonin-supplemented group 6, in comparison to diabetic groups, what seems to be an interesting result.
Conclusions
The results of our study indicate that melatonin supplementation in diabetes and acute exercise signifi cantly changes the element metabolism of the liver tissue. Prevention of the decrease in liver zinc in diabetes by melatonin supplementation in particular suggests that melatonin treatment can be benefi cial in diabetes.
